Effect of Recommendations on Interobserver Consistency of Diastolic Function Evaluation  by Unzek, Samuel et al.
J A C C : C A R D I O V A S C U L A R I M A G I N G V O L . 4 , N O . 5 , 2 0 1 1
© 2 0 1 1 B Y T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N D A T I O N I S S N 1 9 3 6 - 8 7 8 X / $ 3 6 . 0 0
P U B L I S H E D B Y E L S E V I E R I N C . D O I : 1 0 . 1 0 1 6 / j . j c m g . 2 0 1 1 . 0 1 . 0 1 6Effect of Recommendations on Interobserver
Consistency of Diastolic Function Evaluation
Samuel Unzek, MD, Zoran B. Popovic, MD, Thomas H. Marwick, MBBS, PHD,
for the Diastolic Guidelines Concordance Investigators
Cleveland, Ohio
O B J E C T I V E S We sought the impact of recent recommendations on observer concordance on
interpretation of diastolic stage and assessment of ﬁlling pressure.
B A C KG ROUND Worsening stages of diastolic dysfunction are associated with worsening out-
come. However, the echocardiographic classiﬁcation of diastolic function is complex, and parameters
may be discordant. The interobserver agreement of diastolic assessment is undeﬁned.
METHOD S A complete diastolic evaluation (transmitral ﬂow, left atrial volume, tissue Doppler,
pulmonary venous ﬂow, mitral ﬂow propagation, and left ventricular images) was obtained in 20
patients and interpreted by 14 experts in 8 countries (280 case reads). Each investigator was asked to
interpret diastolic class and left ventricular ﬁlling pressure. Brain natriuretic peptide level was drawn on
the same day of the echocardiogram to corroborate ﬁlling pressures obtained by the echocardiogram.
Concordance was assessed as kappa, and accuracy was compared with speciﬁc application of the
recommendations by 2 investigators.
R E S U L T S For recognition of raised ﬁlling pressure, the sensitivity and speciﬁcity of readers for raised
ﬁlling pressure deﬁned by the reference read were 66  37% and 88  26%, respectively. Complete
agreement among all readers was obtained in 10 of 20 cases. Diagnosis of normal and categories of
abnormal ﬁlling was correct in 71% to 95%, with the lowest values obtained for normal and
pseudonormal ﬁlling. There was no difference between U.S. and international readers. Not all patients
in each diastolic stage showed all of the changes that are typical of that stage, and variations appeared
to be attributable to differences in weighting of conﬂicting observations. Overall, kappa values for ﬁlling
pressure and diastolic class were 0.71 (range 0.60 to 0.80) and 0.68 (range 0.54 to 0.86).
CONC L U S I O N S Correct results for estimation of ﬁlling pressure were obtained by a high
proportion of readers. Classiﬁcation of diastolic stages continues to be variable and might be addressed
by provision of a uniform hierarchy of observations. (J Am Coll Cardiol Img 2011;4:460–7) © 2011 by
the American College of Cardiology Foundation
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461eart failure with preserved ejection fraction
(EF) is increasing in incidence (1), and new
criteria have incorporated echocardio-
graphic findings (2). Moreover, even in the
bsence of heart failure, diastolic dysfunction (DD)
as been shown to have prognostic significance (3).
ecently, the American Society of Echocardiogra-
hy and European Association of Echocardiogra-
hy (ASE/EAE) released recommendations for the
lassification of DD (4). These recommendations
se multiple echocardiographic parameters in a
-level decision tree.
Mitral in-flow, pulmonary venous flow, color
-mode flow propagation velocity, tissue Doppler
nnular velocities, and left atrial volume are the
ornerstones of diastolic function evaluation (4).
owever, each measurement has fundamental lim-
tations and exceptions to its accurate use. More-
ver, although each of these parameters reflects a
hysiological aspect of diastole, they do not reflect
he same process, and ambiguity in the recognition
f DD may arise when these parameters are discor-
ant. Thus, contrary to the usual principles of
lgorithm use (that the same result is obtained on
ach application), there is an intrinsic ambiguity
hat reflects a judgment of how discordant data are
o be weighted. The impact of the ASE/EAE
ecommendations on observer concordance is un-
efined. The aim of this study was to evaluate the
nterobserver concordance of the recommendations
n the interpretation of diastolic class and assessment
f filling pressure.
METHODS
Patients. Diastolic function was evaluated with
chocardiography in 20 patients who were seen in
he outpatient clinic at our institution. Patients
ad a variety of indications for echocardiographic
valuation, mainly involving evaluation of left
entricular (LV) function (Table 1). Patients
ith atrial fibrillation/flutter during the study,
evere mitral annular calcification, mitral valve
rosthesis/ring, moderate or severe mitral regur-
itation, and heart rates above 100 beats/min and
atients who had undergone heart transplanta-
ion were excluded from the study because 1 or
ore of the parameters can be invalidated in
hese clinical situations. Patients included in this
tudy were required to have a complete echocar-
iogram and brain natriuretic peptide (BNP) level
rawn on the same day. Studies were screened in a
eriod that began in July 2009 until 20 patients Tchosen as the sample size based on a similar recent
ublished report [5]) satisfied all of the inclusion
riteria—the last patient was enrolled in January
010.
Echocardiography. Echocardiograms were per-
formed by experienced sonographers using standard
commercially available equipment (ie33, Philips,
Andover, Massachusetts; Acuson Sequoia, Sie-
mens, Mountain View, California; Vivid 7, GE
Medical, Milwaukee, Wisconsin). Complete stud-
ies were abbreviated to a standardized collection of
images comprising 2-dimensional views from para-
sternal long-axis, LV short-axis, 4- and 2-chamber
(including left atrial size using the biplane Simpson
method), color Doppler of the mitral valve and
M-mode flow propagation, spectral pulsed-wave
Doppler of the pulmonary venous flow, mitral
in-flow with and without Valsalva maneuver, and
septal and lateral annular tissue Doppler velocities.
Measurements were made on these images and
conveyed to the reviewers (Table 2). Du-
plicate images were removed to minimize
ambiguity. No incomplete studies or stud-
ies with unclear windows were used.
Brain natriuretic peptide. As part of the
ntry criteria into the study, patients were
equired to have had a clinically indicated
NP level (ordered by the clinician re-
ponsible for the patient) on the day of the
chocardiographic exam. The blood spec-
mens were processed at the Cleveland
linic central laboratory using a chemilu-
inescence assay (Siemens Healthcare
iagnostics, Deerfield, Illinois). These
evels were used as an external reference for corrob-
ration of the filling pressures obtained by the
maging modality, and readers were blinded to these
esults.
Interpreters. Anonymized data was distributed elec-
ronically to 14 expert readers in multiple countries,
ncluding the United States, Japan, France, Belgium,
taly, Australia, and New Zealand. Age and sex were
ncluded, but other clinical data were omitted at the
ime of echocardiographic interpretation.
Interpreters filled a data entry sheet in which the
tages of dysfunction (I, II, or III) or absence of DD
ere coded, as well as an estimate of filling pres-
ures (high or low). These were then returned to the
rimary investigator (T.H.M.) for data collection
nd analysis via a secure Web site. As a reference
tandard, the ASE/EAE guidelines were used
ointly by 2 experienced readers (Z.B.P. and
A B B
A N D
A p
atrial
BNP
DD
E p
early
e’ e
EF
LV.H.M.) to reinterpret the studies. When feR E V I A T I O N S
A C R O N YM S
eak transmitral velocity at
contraction
brain natriuretic peptide
diastolic dysfunction
eak transmitral velocity in
diastole
arly diastole
ejection fractionatures
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462were ambiguous, the DD grade was allocated on the
basis of the predominant findings. Discrepancies
were resolved by consensus.
Statistical analysis. We assessed the reliability of
ssessment of diastolic grade and filling pressure.
Table 1. Patient Characteristics
Patient # Age (yrs) Sex BB or CCB ACEI/ARB
1 23 Male  
2 38 Female  
3 61 Male  
4 72 Female  
5 77 Male  
6 28 Female  
7 79 Male  
8 51 Male  
9 57 Female  
10 66 Male  
11 40 Male  
12 61 Male  
13 87 Female  
14 70 Female  
15 92 Female  
16 72 Male  
17 64 Female  
18 42 Female  
19 39 Male  
20 55 Male  
ACEI angiotensin-converting enzyme inhibitor; ARB angiotensin receptor bl
CAD  coronary artery disease; CCB  calcium channel blockers; COPD  chron
HTN  hypertension; NIDCM  nonischemic dilated cardiomyopathy; PFO  p
Table 2. Echocardiographic Parameters Available in This
Study to Assess Diastolic Function Class and Estimate
LV Filling Pressure
Ejection fraction (Simpson biplane method)
Left atrial volume (Simpson biplane method) indexed to body
surface area
Mitral valve deceleration time
Mitral valve E/A ratio
Change of mitral valve E/A ratio with Valsalva maneuver
Tissue Doppler of the early diastolic velocity of the septal mitral
annulus
Tissue Doppler of the early diastolic velocity of the lateral mitral
annulus
Ratio between mitral valve E velocity and average early diastolic
velocities of the septal and lateral mitral annulus
Ratio between systolic and diastolic velocities of the pulmonary
vein ﬂow
Difference between the duration of pulmonary vein atrial
reversal and duration of transmitral atrial ﬂow
Ratio between mitral valve E velocity and color M-mode
propagation velocity through the mitral valve to the apex
A  peak transmitral velocity at atrial contraction; E  peak transmitral
velocity in early diastole; LV  left ventricular.ccuracy was compared with reference standard-
pecific application of the ASE guidelines by 2
nvestigators (diastolic class) and/or BNP 100
g/ml (filling pressure) (6). Concordance was as-
essed as Cohen’s kappa, and overall agreement
mong readers was assessed by Fleiss kappa, with
alues of 0 and 1 signifying no or perfect agreement,
espectively. Additionally, agreement in ranking of
D was assessed by the Spearman correlation
rho).
RE SULTS
Clinical and echocardiographic characteristics. Demo-
graphic and clinical data are detailed in Table 1.
Agreement Between Raters
Accuracy in the estimation of LV ﬁlling pressure. Details
of the echocardiographic measurements relevant to
diastolic class assignment are shown in Table 3. A
total of 12 raters completed the evaluation form,
while 1 U.S. and 1 non-U.S. rater did not (they
were excluded from the study). The agreement
between raters for assessing diastolic class was
moderately strong (Fleiss kappa  0.62), with
agreement slightly higher for non-U.S. raters
Diuretic
HR
(beats/min) Clinical Scenario
 67 Sickle cell disease
 62 Family history of cardiomyopathy
 56 CAD
 54 CAD
 79 CAD
 65 Ebstein anomaly
 67 CAD
 44 Aortic regurgitation
 62 CVA
 45 Severe AS, COPD
 68 Cardiomyopathy
 59 Past atrial ablation
 73 CAD, severe AS
 75 CAD, moderate to severe AS
 76 HTN, severe TR
 42 CAD, HTN, aortic insufﬁciency
 77 Multiple myeloma
 71 Collagen vascular disease
 61 VSD, bicuspid aortic valve
 54 Past atrial ablation
; AS aortic stenosis; BB beta blockers; CABG coronary artery bypass graft;
structive pulmonary disease; CVA  cerebrovascular accident; HR  heart rate;
t foramen ovale; TR  tricuspid regurgitation; VSD  ventricular septal defect.ocker
ic ob(Fleiss kappa  0.65) than for U.S. raters (Fleiss
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463kappa  0.62). The median Spearman rho between
individual raters for diastolic class was 0.70 (range
.30 to 0.96). Agreement between raters for assess-
ng presence of elevated filling pressures was very
imilar (Fleiss kappa 0.61), with agreement again
lightly higher for non-U.S. raters (Fleiss kappa 
.61) than for U.S. raters (Fleiss kappa  0.57).
he sensitivity and specificity of readers for raised
lling pressure defined by the reference read were
6  37% and 88  26%, respectively. Similarly,
sing BNP 100 pg/ml as the reference standard
or raised filling pressure, the agreement among
eaders with BNP was 78%, with individual readers’
ohen’s kappa values ranging from 0.5 to 0.7. The
ensitivity and specificity of readers for raised filling
ressure defined by BNP were 69  33% and 93 
2%, respectively.
Concordance in the assessment of diastolic class. The
Table 3. Echocardiographic Measurements Relevant to Assignm
Patient #
EF
(%) E E:A
DT
(ms) E/E’
LAV I
(ml/
1 49 99 3.2 225 8.6 45
2 52 96 2.0 210 5.2 20
3 44 76 0.8 216 8.9 17
4 67 97 1.0 206 38.8 34
5 36 98 2.1 123 15.1 29
6 53 74 1.4 299 5.7 23
7 63 158 3.2 137 28.7 44
8 58 75 1.4 230 7.5 35
9 62 59 0.8 289 9.8 23
10 61 96 1.2 230 16.0 35
11 35 56 0.8 229 10.2 23
12 69 63 1.6 194 7.0 21
13 40 117 3.4 176 23.4 37
14 65 79 1.1 156 9.3 40
15 73 86 3.0 114 8.6 62
16 42 84 2.5 227 12.9 56
17 54 85 1.1 190 12.1 32
18 60 120 1.0 254 14.1 29
19 62 91 1.7 221 5.5 25
20 60 70 1.0 180 8.8 22
Aa  difference between transmitral A wave duration and tissue Doppler a du
LAVI  left atrial volume index; RVSP  right ventricular systolic pressure; othoncordance between observers and the reference read is shown in Figure 1. Delayed relaxation was
he abnormality with the best concordance with the
eference read (92%), with lower levels of agree-
ent for pseudonormal (58%) and restrictive (65%).
he median Spearman rho between 2 individual
eaders for diastolic class was 0.70 (range 0.30 to
.96). There were no differences between U.S. and
nternational readers. Cohen’s kappa values for each
eader relative to the reference rating ranged from
.4 to 0.8. Two examples of discordant reads are
hown in Figure 2.
Details of the echocardiographic measurements
elevant to diastolic class assignment are shown in
able 4. Not all patients in each diastolic stage
howed all of the changes that are typical of that
tage. Of the 2 patients with delayed relaxation, a
eak transmitral velocity in early diastole (E) to
eak transmitral velocity at atrial contraction (A)
of Filling Pressure
x Aa
(ms)
E:A Change
With Valsalva
RVSP
(mm Hg)
Assessment Base
Filling Pressur
Recommendatio
17 0.08 45 Ambiguous (borderlin
increased E/A, norm
increased LAV)
6 0.26 — Normal
21 0.38 21 Normal
22 0.31 38 Increased
46 0.04 48 Increased
14 0.09 40 Normal
88 0.22 81 Increased
2 0.06 — Normal
0 0.03 24 Normal
4 0.43 — Increased
28 0.66 28 Normal
4 0.41 27 Normal
— 0.34 76 Ambiguous (E/e’ not u
owing to mitral ann
calciﬁcation, DT no
despite E/A)
18 0.06 44 Increased
11 0.29 65 Increased
0 0.74 38 Ambiguous (indeterm
E/e’, normal DT, LA
increased, no incre
of Aa)
13 0.34 53 Increased
14 0.14 43 Increased
15 0.18 25 Normal
46 0.14 28 Normal
n (ms); BNP  brain natriuretic peptide; DT  deceleration time, e’  early diasto
breviations as in Tables 1 and 2.ent
nde
m2)
d on
e
ns
BNP
(pg/ml)
e E/e’,
al DT,
42
9
169
109
954
35
273
21
13
75
5
35
sed
ular
rmal
866
237
618
inate
V
ase
159
159
49
12
9
ratio le; EF  ejection fraction;
er abatio 0.8 was identified in 1 and a deceleration
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464time 200 ms in 1. Of the 6 with pseudonormal
lling, all had an E:A of 0.8 to 1.5, 2 had a
eceleration time of 160 to 200 ms, and 2 had an
/early diastole (e’) of 9 to 12. The 6 patients with
estrictive filling all showed E:A 2, but only 3
showed deceleration time 160 ms and 3 showed
E/e’ 13.
D I SCUS S ION
This is the first multicenter study to evaluate the
interobserver agreement in the assessment of DD.
The main findings were that diagnosis of normal and
abnormal filling were concordant with the reference
read in 71% to 95%, with the lowest values obtained
for restrictive and pseudonormal filling. The sensitiv-
ity and specificity of the readers to evaluate elevated
filling pressures were 83% and 88%, respectively, with
no significant international variation among readers.
Previous reports have been published describing the
variability between different criteria of DD (7). The
esults of this study built on these observations, show-
ng that the application of the current algorithm, even
y expert echocardiographers, still left sufficient am-
iguity to lead to inconsistent final results.
Markers of DD. The ASE/EAE recommendations
incorporate a variety of parameters that reflect
different LV diastolic properties, each of which has
potential limitations. Mitral in-flow parameters
vary with age and are directly affected by preload,
conduction abnormalities, and arrhythmias (8,9). In
patients with coronary artery disease or hypertro-
Figure 1. Concordance Between Observers and the Reference R
Concordance (y-axis) is shown between the reference read (classiﬁe
restrictive) against all readers (gray), U.S. readers (red), and internaphic cardiomyopathy, these parameters have shownpoor correlation with hemodynamic data (10–12).
Pulmonary venous flow indexes are sometimes
technically difficult to acquire and are affected by
arrhythmias and age and may be inaccurate in
preserved EF and severe mitral valve disease. Cau-
tion should be used in the application of flow
propagation velocities because this may be normal
despite abnormal filling pressures in patients with
normal LV volumes and EFs (13). Tissue Doppler
velocities may be technically challenging, and filling
pressures estimated by the E/e’ ratio are inaccurate
in normal individuals and patients with mitral valve
disease (14,15).
In addition to the limitations of each measure-
ment, the measurements may be inconsistent. Di-
astolic function is a complex process that encom-
passes multiple sequential processes that affect LV
filling. Myocardial relaxation can be divided into 3
phases (16). Mechanical recoil results from the
release of energy stored in the sarcomere and
myocardial interstitium represented by untwisting
and suction. LV relaxation represents a phase in
which the LV volume is increasing and LV filling
pressures are decreasing. Passive filling takes
places near the end of LV filling and reflects LV
compliance. The cellular and molecular mecha-
nisms that underlie these events are distinct and
may not necessarily be linked. Because the echo-
cardiographic measures of diastolic function are
linked to different combinations of these pro-
cesses, there is every possibility that the measures
the x-axis as normal, delayed relaxation, pseudonormal, and
l readers (green).ead
d onwill be discordant.
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465Acceptable limits of agreement. The assessment of
oncordance among reviewers has been the source
f remarkably little clinical research. Studies of
ardiac nuclear imaging showed only modest con-
ordance among observers with uniform image
Figure 2. Two Examples of Discordant Diastolic Dysfunction Gra
(A) Patient #14 is a 70-year-old woman with coronary artery disease
(BNP) level of 237 pg/ml. The echocardiogram was read as normal
(B) Patient #18 is a 42-year-old woman with collagen vascular disea
7 readers, and stage 2 by 2 readers. DT  deceleration time; E  p
annular velocity; LAVI  left atrial volume indexed to body surfaceisplay (kappa 0.57) and improvement with the use af quantitative circumferential profile analysis (17)
ut improved markedly (kappa 0.66) with auto-
ated analysis. Similar improvements have been
btained with the application of harmonic imaging
nd standard interpretation rules during dobut-
g by Different Echocardiographers
oderate to severe aortic stenosis, and a brain natriuretic peptide
readers, stage 1 by 3 readers, and stage 2 by 2 readers.
The echocardiogram was read as normal by 3 readers, stage 1 by
transmitral velocity in early diastole; E’  early diastolic mitral
.din
, m
by 5
se.
eakmine echocardiography, although the improvement
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466was only to a kappa of 0.55 (18). A recent quality
control exercise by the British Society of Echocardi-
ography showed that the classification on either side
of the mode of a 6-point mitral regurgitation
quantification was 10% (19). The interrater
agreement of approximately 0.6 in this study, al-
though comparable to these previous reports, could
nonetheless be improved upon. Moreover, although
the specificities were good, the reported sensitivity
of 70% is suboptimal.
Potential solutions. Several possible solutions warrant
further consideration. New markers of diastolic func-
tion such as direct measurement of deformation
(strain, strain rate) and LV untwisting have the attrac-
tion of measuring individual physiological processes.
Their disadvantages are their complexity, signal noise,
and angle dependency of the Doppler-based ap-
proaches and lower frame rate and image quality
dependence with speckle tracking. Additionally, there
are significant intervendor differences in strain mea-
surement (20,21).
The other solutions are simpler but may be more
feasible. A probabilistic approach, based on the
clinical scenario, would seem prudent. For example,
pseudonormal is more likely than normal filling in
the diseased LV with apparently normal transmitral
flow. The ASE/EAE recommendations also do not
Table 4. Echocardiographic Measurements Relevant to Assignm
Patient # E:A
DT
(ms) E/E’
LAVI
(ml/m2)
1 3.2 225 8.6 45
2 2.0 210 5.2 20
3 0.8 216 8.9 17
4 1.0 206 38.8 34
5 2.1 123 15.1 29
6 1.4 299 5.7 23
7 3.2 137 28.7 44
8 1.4 230 7.5 35
9 0.8 289 9.8 23
10 1.2 230 16.0 35
11 0.8 229 10.2 23
12 1.6 194 7.0 21
13 3.4 176 23.4 37
14 1.1 156 9.3 40
15 3.0 114 8.6 62
16 2.5 227 12.9 56
17 1.1 190 12.1 32
18 1.0 254 14.1 29
19 1.7 221 5.5 25
20 1.0 180 8.8 22
Abbreviations as in Tables 2 and 3.incorporate patient age as a variable, despite itswell-recognized effect on diastolic function, result-
ing in a significant percentage of normal individuals
older than 70 years who could have early diastolic
mitral annular velocities classified as abnormal by
current guidelines (22). The development of a
hierarchy of observations would improve concor-
dance. For example, a patient with normal E/e’, E
wave deceleration of 260 ms, and E:A ratio of 1
could reasonably be diagnosed with normal or
delayed relaxation. Guidelines are needed regarding
the relative weighting of discrepant results.
Study limitations. The comparators in this study
were a reference read and BNP measurements, both
of which are imperfect. In particular, the correlation
of BNP with elevated filling pressures may be
limited (23), and the design did not include analysis
of patients in the intermediate group (E/e’ 8 to 15).
The study design sought identification and classi-
fication of DD. Further study of what parameters are
used by the readers is needed to evaluate the nature of
differences among readers. Although the sample size
was small (n 20), there were 280 case read by the 12
readers.
CONCLUS IONS
The application of current ASE/EAE recommen-
of Diastolic Class
Aa
E:A Change
With Valsalva
Diastolic
Class
Correct Class
n (%)
17 0.08 3 4 (33)
6 0.26 n 12 (100)
21 0.38 2 6 (50)
22 0.31 2 11 (92)
46 0.04 3 12 (100)
14 0.09 n 10 (83)
88 0.22 3 12 (100)
2 0.06 n 8 (67)
0 0.03 1 10 (83)
4 0.43 2 12 (100)
28 0.66 1 11 (100)
4 0.41 n 11 (92)
 0.34 3 7 (58)
18 0.06 2 4 (33)
11 0.29 3 10 (83)
0 0.74 3 2 (17)
13 0.34 2 9 (75)
14 0.14 n 3 (25)
15 0.18 n 12 (100)
46 0.14 2 0 (0)entdations for diastolic assessment results in correct
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467estimation of filling pressure in a high proportion of
studies, but classification of diastolic stage contin-
ues to be variable. Audit and critical assessment
should be important constituents of the guidelinePopp RL. Diastolic mitral and tricus-
pid regurgitation by Doppler echocar-
1
1
1
1
1
1
1
twisting and legato
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‹ A P P E N D I X
For a list of the Diastolic Guidelines Concor-
dance Investigators, please see the online ver-
sion of this article.
